Abstract. The present study focused on the assessment of the inflammatory infiltrate that characterizes nasal polyps in patients with chronic rhinosinusitis and nasal polyposis. Inflammatory cell type was determined using specific markers. This evaluation was made possible by determining the expression of the following markers: CD20, a marker of B lymphocytes [using activated T cells (ATC) armed with CD20 antibody]; CD3, a marker of T lymphocytes (using ATC armed with anti-CD3 antibody); CD45, the leukocyte common antigen (using ATC armed with anti-CD45 antibody; and CD34, for the microvasculature of the nasal polyp (using anti-CD34 antibody). The diagnosis of chronic rhinosinusitis with nasal polyps (CRSwNP) was made according to current EPOS guidelines based on patient history, clinical examination and nasal endoscopy. We examined surgically resected nasal polyps from 127 patients diagnosed with CRSwNP, who benefited from surgical procedures at the Department of Otorhinolaryngology of our institution. The polyps were analyzed at the Department of Pathology of our institution utilizing histopathological and immunohistochemical methods as follows: Firstly, the tissues were paraffin-impregnated, sectioned and stained with hematoxylin and eosin. We then examined the expression of CD3, CD20, CD34 and CD45RO by immunohistochemistry with soluble labeled streptavidin biotin (LSAB)/horseradish peroxidase (HRP) complexes. We observed the following histopathological changes: The structure of the epithelium was evidenced by collagenous subjacent stroma with mixed areas, sometimes associated with hyaline zones. In all types of polyps, we also observed a diffuse underlayer or periglandular lymphoplasmacytic in filtrate composed predominantly from T lymphocytes and eosinophils. The histopathological changes suggest the chronic inflammation of the sinus mucosa, which was diffusely distributed in allergic polyps and with nodular distribution in fibro-inflammatory polyps. The number of B lymphocytes was greater in the fibro-inflammatory polyps. On the whole, the findings of this study indicate that the inflammatory infiltrate in nasal polyps from patients with CRSwNP is mainly composed of T cells and eosinophils in all types of polyposis. In addition, a diffuse distribution of allergic polyps and the nodular distribution of fibro-inflammatory polyps, and the hyperplasia of the seromucous glands was observed. The determination of CD20, CD3, CD34 and CD45RO could be used to assess the inflammatory infiltrate of the nasal poplyps in these patients.
Introduction
One of the most frequent pathology in Otorhinolaryngology practice is chronic rhinosinusitis (CRS), which in the United States, affects 14% of the population, associated with an increasing incidence of allergic rhinitis. CRS has a considerable social and economic burden due mainly to frequent visits to primary care facilities, as well as to an increase in the use Differences in the distribution of CD20, CD3, CD34 and CD45RO in nasal mucosa and polyps from patients with chronic rhinosinusitis of pharmaceutical products (1) . The quality of life index of patients CRS, measured by bodily pain and social functioning is significantly lower than that of patients with angina, congestive heart failure, chronic obstructive pulmonary disease or even back pain (2) . Even if CRS is a highly prevalent disease, there is a paucity of accurate epidemiological data, as compared to available data on the diagnosis, microbiology and treatment of the condition (3) . CRS is a chronic inflammatory disease which affects the nasal cavities and paranasal sinuses; however, under this term are likewise grouped a heterogeneous group of diseases, which have different etiologies and pathological mechanisms (4) . The CRS milieu can act as a reservoir of bacteria (5) that may cause other respiratory infections, such as laryngitis, tracheitis, bronchitis and pneumonia (6) , as well as distant surgical site-like infections (7) and even invasive infections in rare cases (8) . The diagnosis of CRS is usually clinical and straightforward and is based upon criteria established by the American Academy of Otorhinolaryngology: The presence of two or more significant symptoms (anterior or posterior rhinorrhea, nasal obstruction/congestion, hyposmia/anosmia and facial pain/pressure) which last for >12 weeks, confirmed by the results of nasal endoscopy and/or a CT scan (1) .
There are two types of CRS: CRS with nasal polyps (CRSwNP) and CRS without nasal polyps (CRSsNP) (9) . Different molecular mechanisms are involved in the formation of nasal polyps. The genetic alterations include the mutation and differential expression of the ras family of genes (10) . Expression analyses have revealed the downregulation of wild-type B-Raf proto-oncogene serine/threonine kinase (BRAF) (11) and the increased expression of angiogenic markers, such as vascular endothelial growth factor A (VEGFA) or transforming growth factor β1 (TGF-β1) (12) . Another mechanism for the formation of nasal polyps is infection with viruses, such as human herpes virus or human papillomavirus (13) . A previous histological study demonstrated a significantly high proportion of tissue eosinophilia in CRS, most prominently in patients with CRSwNP (14) .
B lymphocytes are a key constituent of the adaptive immune response and play important roles in various inflammatory disorders (15) (16) (17) (18) . Although the most well-known role of B lymphocytes is to produce antibodies that can contribute to disease pathogenesis, B cells can also act as antigen-presenting cells or regulatory cells by producing a large array of cytokines that influence the inflammatory response. Recently, it was demonstrated that the expression of TNF B cell-activating factor (BAFF) is greatly increased in the nasal polyps of patients with CRSwNP (16). Furthermore, several histopathological studies have demonstrated increased levels of immunoglobulins IgG, IgE and IgA in the sinuses of patients with CRS (19) (20) (21) (22) .
As far as T cells are concerned, our understanding of their activity in the nasal mucosa is based on extrapolation, using cell cultures as a starting point, that can be obtained from brushed nasal epithelial cells (23, 24) . There are also studies on biopsies from nasal polyps showing the role of cytokines, such as tumor necrosis factor-α (TNF-α) (25) or other cytokines (26) . Dendritic cells (DCs) serve as the primary antigen-presenting cells (APCs) in the process of the nasal immune response and consequently, they present antigens to naive T lymphocytes (27) .
CD45 is a protein tyrosine phosphatase (PTP), that is expressed by hematopoietic cells, with the exception of platelets and mature erythrocytes. PTP is encoded by the PTPRC gene located on chromosome 1. Furthermore, CD45 plays important roles in T cell receptor (TCR) and B cell receptor (BCR) signal transduction. CD45 isoforms are specific to the activation and maturation state of the cells. There are 3 isoforms of CD45: B220 expressed on B lymphocytes, CD45 RA expressed on naive T lymphocytes and CD45 RO expressed on activated and memory T lymphocytes (28) .
CD20 is considered a pan-antigen for B lymphocytes, expressed on mature B cells, but not on active plasmocytes (18) . CD20 is a membrane non-glycosylated phosphoprotein of 33-37 kDa which contains three hydrophobic regions that are embedded in the cell membranes. Additional amino and carboxyl long ends are localized intracellularly with only a portion of the molecule exposed extracellularly. This antigen is involved in the modulation of B cells, proliferation and differentiation. The CD20 antigen is expressed early in the development of pre-B cells, supposedly even before the cytoplasmic expression of alpha chains whereas it is not detected in plasma cells. This antigen is not expressed by monocytes, erythrocytes and mesenchymal cells (29) .
Major producers of interleukin (IL)-13 and IL-5 are the group 2 innate lymphoid cells (ILC2s) (30, 31) . These cells are involved in the Th2 type inflammatory response and mediate among other processes, intestinal immunity to helminths, the hyperreactivity of the airways and asthmatic bronchial obstruction (32, 33) .
The treatment of CRS is based on corticosteroids, antibiotics and endoscopic sinus surgery. However, the application of these treatments does not induce a significant change in the evolution of the disease, the need for surgery or in the prevention of recurrences (34) (35) (36) . Clearly the pathogenesis of CRS and factors that promote mucosal inflammation requires a deeper understood in order to develop novel diagnostic and therapeutic tools or strategies.
On the basis of the above-mentioned aspects, the present study, which analyzes fragments of nasal polyps surgically resected from patients with CRSwNP, proposes the assessment of B lymphocytes [using activated T cells (ATC) armed with CD20 antibody] and T lymphocytes (using ATC armed with anti-CD3 antibody), the presence of CD45 + cells (the leukocyte common antigen) and the evaluation of vasculature of nasal polyp (CD34 + cells) to assess the inflammatory infiltrate of nasal polyps.
Materials and methods
Patients and samples. Fragments of the polyps removed from 127 patients with CRSwNP who underwent surgery at the Otorhinolaryngology Clinic of Clinical County Emergency Hospital of Craiova, Romania, between January and July, 2018 were histologically analyzed. We used the histologically normal areas of the extracted surgical piece as a control normal mucosa. The access of the database with patient demographic and clinical electronic records for the purpose of this study was approved by the Ethics Committee of Clinical County Emergency Hospital of Craiova, Romania. As we are a teaching hospital, all patients admitted to our hospital signed a written consent by which they agreed that their medical data could be used in scientific studies.
In order for patients to be included in this study, compliance to certain criteria was necessary, including the following: i) A symptomatology that lasted for >12 weeks, without complete resolution: Nasal obstruction, muco-purulent nasal discharge, hyposmia or anosmia, headaches with exacerbations secondary to bacterial infections. ii) Different changes in the region of the middle meatus, such as edema or polyps, observed upon the endoscopic examination of nasal cavities.
The biological material was surgically obtained, under general anesthesia, and analyzed at the Laboratory of Pathology, Emergency County Hospital, Craiova, Romania. The tissues were fixed in 10% buffered formalin, for 24 h. For histopathological analysis, the sections were then embedded in paraffin and stained with hematoxylin and eosin (H&E; Sanimed SA, Bucharest, Romania). Serial sections (3-4-µm-thick) were cut from paraffin blocks (automated rotating microtome Leica RM2255), and placed on lamellas treated with poly-L-Lysine (Sigma-Aldrich, Munich, Germany) and allowed to dry at laboratory temperature for 12 h. At room temperature, the slides were treated with Mayer hematoxylin for 3 min, washed, differentiated for 10 sec in alcohol-hydrochloric acid solution, washed again, stained with eosin solution for 15 sec, dehydrated in 3 baths of alcohol (60 degrees, 96 degrees and finally absolute alcohol) and clarified in 3 toluene baths. Finally the slides were mounted using Canada balm (Sigma-Aldrich).
Immunohistochemistry. For immunohistochemistry, the paraffin sections with the same thickness as mentioned above (3-4 µm) were attached on to electrostatically treated slides, deparaffinized in xylene at 58˚C for 1 h, then 2 more times for 10 min at room temperature, fixed in cold acetone (4°C) for 5 min and then let to air-dry at room temperature for 30 min. Immunohistochemistry was carried out using soluble labeled streptavidin biotin (LSAB)/horseradish peroxidase (HRP) complexes. Streptavidin is an avidin tetrameric analog with a 60-kDa molecular weight, extracted from Streptomyces avidinii bacterium, able to bind easier to the molecules of biotin. The affinity of streptavidin for biotin is 10-fold greater, which leads to an intense specific detection and amplification of antigen-antibody links. We used the Dako LSAB 2 System HRP kit (Universal DAKO Labeled Streptavidin Biotin 2 System Horseradish Peroxidase), as previously described (37) . The sections were incubated in peroxidase blocking solution (hydrogen peroxide 3%) for 10 min at room temperature and rinsed with phosphate-buffered saline (PBS). The slides were pre-treated in order to reveal the antigen by microwaves and were incubated in a wet room contact with primary antibody for about 1 hour at room temperature. goat anti-rabbit IgG (h+l) secondary antibody (cat. no. 31820; Thermo Fisher Scientific, San Frascisco, CA, USA) was added and the slides were incubated at room temperature for 30 min. After washing in clean water, the slides were incubated with streptavidin peroxidase at room temperature for 10 min. The chromogen-substrate [3,3'-diaminobenzidine (DAB)] was added in a dark room and once the brown color appeared, the slides were submerged in water for stopping and then stained with hematoxylin for 3 min. The slides were dehydrated through 95% ethanol for 2 min and 2 times in 100% ethanol for 3 min. Finally, the sections were mounted in Canada balm (cat. no. C1795; Sigma-Aldrich).
In the immunohistochemical analysis, we used concentrated antibodies from Thermo Fisher Scientific as follows: CD20 mouse IgG monoclonal antibody (HI47), PE (cat. no. MHCD2004-4), CD3 mouse IgG monoclonal antibody (S4.1) (cat. no. Q10484), CD45 mouse IgG monoclonal antibody (HI30), pacific orange (cat. no. MHCD4530TR) and CD34 mouse IgG monoclonal antibody (BI-3C5) (cat. no. 07-3403). In order to obtain optimal dilution, the antibodies were weak in the PBS-azide solution.
The immunohistochemical staining visualized the investigated antigens using DAB chromogen, which caused a brown precipitate (cell nucleus was stained light blue by hematoxylin). Immunohistochemical staining was evaluated by a 4-grade system, according to the model established by the European Organization for Research and Treatment of Cancer-Gynaecological Cancer Cooperative Group in 1997 (38), as follows: Absent (-), weak intensity (+), moderate intensity (++) and strong immunostaining (+++). After immunostaining was carried out, we assessed the number of cells per 20X field by examining 20 fields for each slide. The results were expressed as cells/field.
Statistical analysis. All numerical data are expressed as the median (interquartile range). For sex data, we used the one-sample Z-test to determine whether the proportion of males differed significantly from 50% for each age group (in other words if there was a significant difference between the proportion of males and females). For count data we used 2x2 or 2x3 Chi-squared tests. To determine differences between multiple groups, we used the non-parametric Wilcoxon test, as some distribution data were skewed and we had a low number of hyperplastic polyps, followed by the post-hoc Mann-Whitney test with the Holm-Sidak adjustment for multiple comparisons. The statistical significance level was set at 0.05.
Results
Demographic data. There were no significant differences in sex distribution among patients in the specific age groups with the exception of the 11-20-year age category, which exhibited a significantly higher precedence of males (male:female ratio, 2.07:1; Table I ).
Histopathological changes. We classified the histopathological changes of the nasal polyps according to the Davidsson and Hellquist classification (39) . We examined 127 nasal polyps that were classified as follows: Allergic polyps (with eosinophilic infiltrate), 69 cases (54.33%); fibro inflammatory polyps, 47 cases (37.01%); and hyperplastic polyps with marked hyperplasia of the seromucous glands, 11 cases (8.67%). The allergic and fibro-inflammatory polyps were mostly ulcerated, whereas the hyperplastic polyps were mostly non-ulcerated (Table II) .
We observed the following histopathological changes: The structure of the epithelium was evidenced by collagenous subjacent stroma with mixed areas, sometimes associated with hyaline zones. The pseudostratified columnar epithelium predominated in all types of polyps, but was more frequent in fibro-inflammatory polyps (91.48%). In all types of polyps, we also observed a diffuse underlayer or periglandular lymphoplasmacytic infiltrate composed predominantly from T lymphocytes and eosinophils. The histopathological changes suggest the chronic inflammation of the sinus mucosa, diffusely distributed in allergic polyps and with nodular distribution in fibro-inflammatory polyps.
In this study, we identified normal epithelium composed of tall cells (Fig. 1A) , atrophic epithelium (Fig. 1B) , squamous metaplasia of the epithelium (Fig. 1C) with the chorion moder- The one-sample Z-test was used to determine whether the proportion of males differed significantly from 50%.
ately infiltrated with lymphocytes, plasma cells and sometimes eosinophils. The lamina propria and stromal polyp appeared in many fibrous and spongy areas ( Fig. 1D and E) . Areas with vascular congestion and abundant inflammatory infiltrate were also detected (Fig. 1F) . The basal membrane often appeared thickened.
Analysis of immunostaining.
In allergic polyps, immunostaining for CD45RO revealed a diffuse localization of activated and memory T lymphocytes, which presented distinct immunostaining at the cell membrane ( Fig. 2A) . In fibro-inflammatory polyps, CD45RO staining revealed numerous activated T lymphocytes with distinct immunostaining at the membrane level; however, we also observed an underlayer with mostly periglandular arrangement. In some cases, the infiltrate formed lymphoid follicles (Fig. 2B) . The activated and memory T lymphocytes (CD45RO + ) were most abundant in allergic polyps followed by fibro-inflammatory polyps and hyperplastic polyps (Table III) , the differences between the immunostaining level between the polyp types were all significant (P<0.05).
Anti-CD20 monoclonal antibody underlined a continuous mark for B lymphocytes at the membrane level. In all the polyps, the B lymphocytes were much less represented compared with the population of T lymphocytes, that were diffusely present in the polyp stroma (Fig. 3) . We observed an increase in the numbers of B lymphocytes in the fibro-inflammatory polyps (Table III) .
The T lymphocytes (CD3 + ) were barely present in the lamina propria of the mucosal polyp and in the deep stroma (Fig. 4) . In the allergic polyps, CD3 immunostaining revealed that the T lymphocytes exhibited a diffuse distribution in the stroma of the analyzed polyps. In general, T lymphocytes were much more numerous in the fibro-inflammatory and hyperplastic polyps than in the allergic ones (Table III) .
The microvasculature of all nasal polyps exhibited a non-homogeneous distribution, with the most intensely vascular areas being the areas of the lymphoid infiltration (CD34 + ) (Table III and Fig. 5 ).
Discussion
Although CRS is a common disease, commonly addressed by the healthcare facilities, the pathology of the disease is poorly understood and the therapeutic options are limited, which results in a significant loss of the quality of life of the affected patients and induces a substantial financial burden (2, 40) . As regards the demographic data from the present study, there was no significant difference between the number of men and women with nasal polyps, as in other studies (41) , although the majority of patients with nasal polyps were middle-aged, at around 40 years of age. In this study, most polyps were from patients aged 11-20 years, as many parents turned to the hospital otorhinolaryngology specialists for polypectomy. The higher male:female ratio in the 11-20 year old age group detected in this study is well in accordance with that of another study (42) . In addition, Vento et al (43) identified a male:female ratio of 2.4:1 and Diamantopoulos et al (44) determined a male:female ratio of 3.3:1.
The majority of nasal polyps that were resected were of the allergic type (69 polyps), then of the fibro-inflammatory type Table II . The pathological types and nature of the surface epithelium in nasal polyps. -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- The difference in proportions of the epithelium types within each group were examined by the Chi-squared test.
Ulceration Histological type --------------------------------------------------------------------
secondary to infection or other causes (47 polyps). In addition, 11 polyps were classified as hyperplastic.
The histopathological findings of this study revealed that ulceration was present in a high percentage of the allergic and fibro-inflammatory polyps. A previous study on African, Chinese and Caucasian populations demonstrated that 10-20% of hyperplastic polyps were ulcerated as opposed to 75% of fibro-inflammatory and allergic polyps (45) . The study by Lathi et al that included 112 Indian patients found that 62.5% from the polyps were of the allergic type and 25% of the fibro-inflammatory type, that is similar with our percentages of 54.33, 37.01 and 8.67%, respectively (46) . The high percentage of ulceration may be due to trauma or mechanical pressure of growing polyps inside nasal cavities.
In a separate study by Tripathi and Ranjan (47) performed on 119 polyp biopsies in the pathology laboratory, it was shown that 79.1% of the polyps had pseudostratified ciliated columnar epithelium, 18.8% had squamous epithelium and 2.1% transitional epithelium. These findings were confirmed in this study, which identified a pseudostratified ciliated columnar epithelium in 84.06% of the allergic polyps, whereas the squamous epithelium and transitional epithelium were identified in 11.59 and 4.35% of the cases, respectively in these polyp types. Moreover, in all types of polyps, significant differences between the types of epithelium were detected in our study in hyperplastic polyps (P= 0.025) and highly significant differences in allergic and fibroinflammatory polyps (P<0.001).
The most important factors in the pathogenesis of CRS are identified as both the chronic activation of a variety of inflammatory cells such as B cells, a key component of the adaptive immune response, as well as the defects in innate immunity (19, 48) . A number of studies have focused on B and T lymphocyte expression, as well as on the inflammatory infiltrate in patients with CRS with or without nasal polyposis. Thus, it has been noted that the number of CD3 + cells, CD20 + cells and plasma cells in nasal polyps are significantly higher compared to those in the middle turbinates (49) . The inflammatory infiltrate and cell proliferation are associated with the presentation of nasal polyps (50) . It has been observed that in patients with nasal polyposis associated with cystic fibrosis, there is an increase in the number and activation state of T lymphocytes and an increase in the number of plasma cells. Furthermore, in nasal polyps, increased levels of eosinophils, eosinophil cationic protein (ECP) and eotaxin compared with CRS and controls were determined. Patients with CRS present with Th1 polarization and an increase in IFN-γ and TGF-β levels, with nasal polyps showing Th2 polarization/high IL-5 and IgE (51) .
In the study by Hulse et al (52) , there was no significant difference between the median number of CD20 + cells per high-power field (hpf) in CRS tissues as compared with the controls. However, we must take into account the known difficulty of measuring protein expression by immunohistochemistry. A much better method for the quantitative characterization of B cell populations is flow cytometry. The utilization of this method has demonstrated a significantly higher number of CD19 + B cells in CRSwNP compared with healthy control subjects or CRSsNP patients (53) .
The polyps present higher levels of BAFF that correlates with an increased expression of CD20 (54), leading to the --------------------------------------------------------------------------------------------------------------------------------------------------------------------------- We used the non-parametric Wilcoxon test, followed by the post-hoc Mann-Whitney test with Holm-Sidak adjustment for multiple comparisons. hpf, high-power field. conclusion that B lymphocytes found in polyp tissue favor a microenvironment for activation, proliferation and differentiation (55) . Furthermore, decreased apoptosis in polyps from aspirin-sensitive patients and the eosinophilic infiltration has been linked to an increased expression of CD45RO + activated/memory cells and to the clinical features of the rhinosinusitis has been demonstrated (56) . The number of CD45-positive cells is higher in patients with CRSwNP compared to those with CRSsNP (P<0.01). The number of CD45 + cells in nasal polyps has been shown to increase >2-fold the total number of cells (57) .
In this study, in all types of polyps, continuous marking for B lymphocytes at the membrane level was detected. The underlayer or periglandular lymphoplasmacytic infiltrate was composed predominantly from T lymphocytes and eosinophils with diffuse disposition at the stroma level, as revealed by CD45 and CD3 immunostaining.
The distribution of the microvasculature had a nonhomogeneous distribution in nasal polyps as the most intensely vascular area were lymphoid infiltration areas (CD34 + ). The histopathological changes suggest the chronic inflammation of sinus mucosa, diffusely distributed in allergic polyps and with nodular distribution in fibro-inflammatory polyps. The number of B lymphocytes was slightly greater in the fibro-inflammatory polyps.
In conclusion, the findings of the present study demonstrate that the inflammatory infiltrate in nasal polyps is composed mainly from T cells and eosinophils in all types of polyposis. We observed a diffuse distribution in the allergic polyps and nodular distribution in the fibro-inflammatory polyps, and also a hyperplasia of the seromucous glands. The number of B lymphocytes was slightly increased in the fibro-inflammatory polyps. Further studies are required in order to fully understand the pathology of CRS and to find novel therapeutic options.
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